a Objective: To examine if peripheral T lymphocytes from HIV-infected individuals show abnormalities in the surface expression of CD43, the major sialoglycoprotein of leukocytes.
Introduction
In AIDS, abnormalities related to the expression of CD43 have been described. CD43 is the major sialoglycoprotein expressed on all cells of haematopoietic origin [1, 2] . The molecule is heavily glycosylated and the two known CD43 isoforms are generated by alternative glycosylation [2, 3] . The ®rst isoform binds tetrasaccharide O-glycans that generate a molecule of 115 000 M r expressed on resting lymphocytes and monocytes. Hexasaccharides are bound to the second isoform of 130 000 M r , expressed on neutrophils and platelets. Increasing evidence suggests that each CD43 isoform plays a distinct functional role.
CD43 is an activation receptor in immune cells [4±6] , but its main functions are related to the regulation of cell±cell interactions. The abnormal expression of CD43 is observed in certain human pathologies, including leukemic T cells [7] , non-haematopoietic tumours [8] , as well as in the primary immunode®-ciency Wiskott±Aldrich syndrome [9] .
The sera of all HIV-infected individuals contains autoantibodies that recognize partly sialylated CD43 molecules [10, 11] . However, peripheral lymphocytes from HIV-infected individuals are not hyposialylated [10] , and therefore the origin of the autoimmunogenic CD43 epitope remains unknown. To characterize abnormalities in CD43 expression occurring during HIV infection further, we studied a series of 86 HIVinfected individuals at different stages of disease progression. We found elevated percentages of cells expressing CD43-hexasaccharides on peripheral T lymphocytes of 96.5% of patients, ®nding CD43 proteins with altered electrophoretic mobility in lymphocyte lysates from all patients analysed. 
Materials and methods

Patients
Results
We found elevated percentages of T lymphocytes expressing the CD43-hexasaccharide isoform (T305) in 82 out of 86 HIV-positive individuals (96.5%). CD43-hexasaccharide expression augments as the disease progresses (de®ned by the decreasing number of CD4 cells) (Table 1) , showing statistical signi®cance between every patient group and the control group and between all groups of patients with each other.
As the expression of CD43-hexasaccharide is associated with the cell activation state of T lymphocytes [12] , we examined whether HIV-infected peripheral T lymphocytes T305 also co-express other activation-related cell surface molecules ( Table 1 ). The identi®cation of Statistical signi®cance (Student's t-test): for CD43-hexasaccharide expression: P , 0.001 between controls and all other groups; P , 0.05 between group 1 and group 2; P , 0.001 between groups 2 and 3. For HLA-DR expression: P , 0.001 between control and all other groups; differences not signi®cant between groups 1 and 2; P , 0.05 between groups 2 and 3. For CD69 expression: all differences not signi®cant. Patients were grouped according to Centers for Disease Control and Prevention classi®cation based on peripheral CD4 cell counts.
cells expressing HLA-DR, carried out by triple immuno¯uorescence¯ow cytometric analysis, showed that most HLA-DR-positive T lymphocytes co-express CD43-hexasaccharide on their surface (Fig. 1a) . By contrast, a distinct cellular subset is comprised by the majority of T305 cells, which lack HLA-DR molecules on their cell membrane.
To de®ne the expression of T305 on peripheral T lymphocyte subpopulations further, we carried out triple immuno¯uorescence¯ow cytometric analyses with the selective acquisition of CD3 cells. We found, in nine out of nine patients, that CD43-hexasaccharide expression was markedly skewed towards the CD8 compartment. The T305 epitope was expressed on 24 AE 8% of CD4 T lymphocytes from HIV-infected individuals and on 50 AE 9% of CD8 cells.
We explored the integrity of the CD43 molecule expressed on the surface of HIV-infected individuals because protein instability and the appearance of truncated forms of CD43 are common features of some primary immunode®ciencies [13] . A band of 135 000 M r was detected by Western blot with the T305 mAb in lysates from all HIV-infected individuals (Fig. 1b) . This band is not observed with lymphocytes from a healthy individual under adequate times of ®lm exposure (Fig. 1b) . Overexposure of the autoradiography allows the appearance of the 135 000 M r band in normal cells, thus detecting by Western blot the CD43-hexasaccharide expressed on 9% of lymphocytes of the healthy control subject (quanti®ed by¯ow cytometry). Strikingly, overexposed ®lms detected multiple CD43 bands with altered electrophoretic mobility in lymphocyte lysates from all HIV-infected individuals (Fig. 1b) . Similar results were obtained when the membranes were hybridized with the L10 mAb, which reacts with a sialylation-independent epitope present in both tetra and hexasaccharide CD43 isoforms (not shown).
Discussion
We demonstrate in this work that peripheral T lymphocytes from HIV-infected individuals show augmented expression of the CD43-hexasaccharide isoform. Increased CD43-hexasaccharide expression correlates with progression of the disease, and it is biased towards the CD8 compartment.
AIDS patients produce autoantibodies against hyposialylated forms of CD43 [11, 14] , and therefore it was of interest to study cell glycosylation abnormalities caused by HIV. Previous studies focused on T cell lines infected in vitro with HIV, leaving unexplored peripheral T lymphocytes from HIV-positive individuals. We found a 135 000 M r single band reacting with the T305 mAb, indicating the predominant presence of hexasaccharides on the CD43 expressed on peripheral T lymphocytes from HIV-infected individuals. By contrast, CD43 from in-vitro infected T cell lines migrates on SDS±PAGE as a broad band spanning 110 000±190 000 M r [11] , indicating that complex, heterogeneous sugars are attached to the protein core. The interference thus caused by HIV to the glycosylation cell machinery leads to the aberrant expression of CD43.
Increasing experimental evidence suggests that CD43 isoforms play differential functional roles. Natural killer cell subpopulations with distinct functional properties selectively express one or the other CD43 isoform [5] .
Resting T lymphocytes switch upon speci®c activation the 115 000 M r CD43 isoform into the 130 000 M r molecule [12] , and the disregulated expression of CD43 leads to immunode®ciency [15] . In this context, the CD43-hexasaccharide molecules expressed by peripheral lymphocytes of HIV-positive individuals could be involved in the HIV-reactive speci®c immune response(s). This is supported by our ®nding of two distinct subpopulations expressing the T305 epitope.
The ®rst subset co-expresses HLA-DR and T305, and it might represent activated cells involved in ongoing cytotoxic responses. The second subpopulation, quantitatively predominant, solely expresses T305, and it could re¯ect lymphocytes that have acquired the molecule to contribute to the regulation of the immune response. Evidence for the regulatory role of CD43 glycans comes from transgenic mice overexpressing core 2-O glycans, which show a reduction in the intensity of primary T cell immune reactions, and it is therefore believed that the surface expression of these molecules would avoid uncontrolled cellular responses [16] . In this context, we interpret the fact that the four individuals with the highest CD4 peripheral counts in our series (including two subjects with acute infection and one long-term progressor) have a very high percentage of the surface expression of CD43-hexasaccharide, clearly above the average of CD43-hexasaccharide expression for patients of group 1 (not shown).
As has been mentioned before, all HIV-infected individuals make autoantibodies to hyposialytated forms of CD43. However, the immunogen(s) responsible for this phenomenon remains unidenti®ed because the prime candidate, peripheral lymphocytes of HIV-positive subjects, are not hyposialytated [10, 14] . It was therefore suggested that autoantigenic CD43 epitopes would be generated during the accelerated process of lymphocyte destruction occurring in the peripheral circulation of HIV-positive individuals [10] . Other authors, using HIV-positive T cell lines, proposed that those autoantibodies would recognize a conformational structure on CD43 exposed by the glycosylation changes induced by the viral infection. Finally, alveolar macrophages from HIV-positive individuals bind peanut agglutinin lectin slightly better than their cellular counterparts from normal individuals, indicating a diminished presence of sialic acids on the membrane of this cell subpopulation [17] . We have detected in all HIV-positive individuals tested the appearance of bands reacting with both the T305 mAb and the L10 mAb (not shown), which show altered electrophoretic mobility. If these bands are modi®ed CD43 molecules in HIV-positive individuals, they could represent CD43 proteins exposing cryptic epitopes that are usually masked by the heavy O-glycosylation of the molecule, thus preventing autorreactivity. Therefore, our ®ndings favour the hypothesis that the autoimmunogenic determinant is a de novo conformational epitope(s) generated within the altered CD43 glycoproteins. Alternatively, different migration patterns observed may represent full-length proteins with different levels of glycosylation. Nevertheless, the molecular basis for the observed CD43 abnormalities remain to be clari®ed, along with its precise participation in the pathogenic mechanisms of HIV infection.
